Objective: The use of low-dose aspirin for primary prevention of cardiovascular events in patients at elevated risk for cardiovascular disease (CVD) is increasingly being questioned. Aspirin may not benefit this population and may increase the risk of major bleeding events. Data support aspirin use in patients with known CVD.
In 2002 the US Preventive Services Task Force began recommending low-dose aspirin as a primary prevention measure in patients at high risk of developing cardiovascular disease (CVD), defined as acute coronary syndrome or thrombotic cerebral vascular disease, when the benefit outweighs the risk. 1, 2 This idea is increasingly being challenged.
There is strong evidence that aspirin is beneficial for secondary prevention (prevention of overt symptoms or signs after the disease process has begun) of cardiovascular events. [3] [4] [5] However, no studies have shown the benefits of aspirin to outweigh the risks for those without CVD. 6 -9 The US Food and Drug Administration has twice denied requests to approve aspirin for the primary preven- tion of cardiovascular events (which include both cardiac and cerebral events) in any population because of a lack of evidence supporting its efficacy. 10 Furthermore, research in patients with CVD risk equivalents (diabetes, chronic kidney disease, peripheral vascular disease) has demonstrated that the benefit of low-dose aspirin does not outweigh the harm. [11] [12] [13] [14] [15] Multiple studies and meta-analyses indicate that there is no specific population in which the benefits of low-dose aspirin therapy for primary prevention exceed the risks. The Dialysis Outcomes and Practice Patterns Study (DOPPS), an observational investigation of aspirin use and cardiovascular morbidity and mortality among 28,320 patients receiving hemodialysis, found that among all patients with chronic kidney disease both with and without CVD, aspirin was associated with a decreased risk of thrombotic stroke but an increased risk of myocardial infarction and cardiac events. 11 The inclusion of patients with known CVD make a positive finding of stroke difficult to interpret. The Prevention of Progression of Arterial Disease and Diabetes (POPADAD) trial examined the effects of aspirin and antioxidants, alone or in combination, among 1276 patients Ͼ40 years old with diabetes and asymptomatic peripheral artery disease in the absence of CVD. After 8 years of followup, the investigators found no reduction in the incidence of myocardial infarction, stroke, or deaths from CVD. 12 In the Japanese Primary Prevention of Atherosclerosis with Aspirin for Diabetes (JPAD) trial, 2539 patients with type 2 diabetes were followed for 4 years. Low-dose aspirin did not reduce the risk of cardiovascular events and may have contributed to major gastrointestinal bleeds. 13 In 2009, the Antithrombotic Trialists' Collaboration (ATTC) published a meta-analysis of 6 primary prevention trials (including 95,000 subjects with low overall average risk) and 16 secondary prevention trials (including 17,000 subjects with high overall average risk) comparing aspirin use with control. While they noted a decrease in nonfatal myocardial infarction among those taking aspirin for primary prevention, they also observed an increase in major bleeding events (both intracranial and gastrointestinal). They concluded that the risk of bleeding among those taking aspirin for primary prevention was increased by risk factors for coronary disease, and therefore guidelines recommending aspirin use for anyone with moderate to high risk of CVD should be reconsidered. 14 A 2010 trial, Aspirin for Asymptomatic Atherosclerosis (AAA), addressed whether those without CVD but with a low Ankle-Brachial Index score would benefit from low-dose aspirin therapy. The investigators studied 3350 subjects with a low AnkleBrachial Index score in the absence of CVD who were randomly assigned to receive either entericcoated aspirin or placebo and followed for 8 years.
There was no significant difference in thrombotic vascular events between the 2 groups. However, investigators found that the risk of a major bleeding event requiring hospitalization was higher among those taking aspirin. 15 In 2010, the American Diabetes Association (ADA) and the American Heart Association (AHA)/ American College of Cardiology changed their guidelines concerning the use of aspirin for primary prevention. The ADA previously recommended daily low-dose aspirin for all patients older than age 40, with diabetes, and with at least one other risk factor, such as hypertension. 16 -18 The ADA recommendation now asserts that low-dose aspirin (75-162 mg/day) be considered for primary prevention of CVD for patients with diabetes with a Ͼ10% 10-year risk of CVD when the benefits outweigh the risks. This would include men Ͼ50 and women Ͼ60 years old who have diabetes and one other risk factor such as hypertension, smoking, dyslipidemia, or proteinuria. But, as outlined above, studies have not elucidated a single population in which the benefits of primary prevention exceed the risks. 19 Primary care physicians (PCPs) have a central role in providing evidence-based preventive services and should incorporate revised information into their practice to improve patient outcomes. However, it is unknown how quickly PCPs are accepting new evidence about the lack of benefit of aspirin for primary prevention. Given the inclusion of the use of aspirin for primary prevention in national quality metrics and various pay-for-performance programs, it may be difficult to change the behavior of PCPs and patients. We initiated an investigation to determine whether recently published studies, [11] [12] [13] 15 meta-analyses, 14 and changing guidelines 2,16 -18 had an effect on aspirin prescribing practices of PCPs who are members of a national electronic practice-based research net-work, the Electronic Quality Improvement and Research Network (eNQUIRENet).
Methods
To observe how recorded aspirin use changed over time, we used an eNQUIRENet database originally created as part of a CVD learning community grant. 20 The original limited dataset included information on all individuals Ͼ17 years old from 33 primary care practices in 11 different clinical organizations spread across 6 states. This dataset was fully de-identified by converting dates of service to date ranges corresponding to the dates of the availability of new information or guideline changes related to aspirin for the primary prevention of CVD. From this de-identified data set, information on 131,050 patients was abstracted to create cohorts of patients who met various criteria for primary prevention.
The de-identified dataset included Ն4 years of data for the following information extracted from electronic health records (EHRs): diagnoses (rare diagnoses suppressed) with initial date and follow-up dates recorded in the EHR, medications recorded in the EHR, year of birth (suppressed to 95 years if Ͼ89 years of age), blood pressure, weight, height, smoking status, total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, hemoglobin A1c, creatinine, and urine protein-to-creatinine ratio.
From the dataset described above, a retrospective cohort study was conducted comparing (1) patients with a known diagnosis of CVD and (2) patients without CVD but with increased risk of CAD. Patients were identified as having a Ͼ10% 10-year risk of CVD using the Framingham scoring system 21 based on age, sex, blood pressure, cholesterol, smoking status, and a diagnosis of diabetes. Cohorts were conservatively developed to ensure a calculated Framingham 10-year CVD risk score of Ͼ10% for the entire cohort. For instance, men older than 50 with diabetes and one other risk factor, such as hypertension or hyperlipidemia, all have a Framingham 10-year risk score of Ͼ10%; therefore, this cutoff was used (full cohort definitions for each group are available from the authors). Information used to create the cohorts included diagnoses, average blood pressures (last 3), average non-high-density lipoprotein total cholesterol (last 3 measurements), smoking status, age, and sex.
The full cohort also was organized into subgroups by diagnosis (diabetes, chronic kidney disease, peripheral vascular disease and aortic aneurysm, hyperlipidemia, and hypertension) for presentation and to observe any variance by underlying diagnoses. Changes in recorded aspirin use were observed among patients who had either previous or new diagnoses of CAD risk equivalents within a 4-year period. 22 and by reviewing text entries for medications with no associated NDCs. More than 60% of all aspirin users were identified through NDC matches, and more than 95% of these were for low-dose aspirin. The text-based aspirin records were grouped and the top 250 records were manually reviewed, representing more than 80% of all non-NDC-matched aspirin options. Of these, again more than 95% were for low-dose aspirin. Thus the vast majority of individuals taking aspirin in this study were using it for some type of prevention, not for pain or anti-inflammatory indications.
A total of 131,050 individuals met the criteria for inclusion in one or more of the cohorts for analysis. Individuals could change cohorts from one time period to another based on new diagnoses or clinical data within a given period. Individuals could be in more than one primary prevention subanalysis cohort, but once they received a diagnosis of CVD they remained in this cohort for the remainder of the periods analyzed.
Each cohort by period was broken into 2 groups: met cohort definition before the time period (current) or entered the cohort during the time period (new). This allowed for an analysis of the percentage of patients starting aspirin therapy based on new clinical information over time. For each cohort, the population was determined based on clinical data. Medication lists were subsequently analyzed to determine the percentage of the cohort receiving aspirin therapy. For all known CVD cohorts, clopidogrel was included as an aspirin equiv-alent. The study was approved by the Colorado Multi-Institutional Review Board. Table 1 summarizes the distribution of the 131,050-person cohort by sex, average age, and diagnosis in a hierarchical fashion. The overall subpopulation used in this analysis has slightly more males than females (50.6% vs 49.4%), and the average age of women in each cohort is older than the males, with the exception of the group with peripheral vascular disease. Table 2 displays the number of individuals with diagnoses of interest (CVD risk equivalency for primary prevention and diagnosed CVD for secondary prevention) by time period and the number of people taking aspirin, and the percentage of each cohort that is taking aspirin. It is further separated by individuals with a diagnosis established before the first day of the period (current) and those individuals who were newly diagnosed during a given time period (new). Given that individuals can be included in more than one primary prevention cohort, the totals per cohort exceed the total population studied. The table demonstrates an increase in the percentage of individuals recorded as using aspirin for primary prevention over time, with the exception of hyperlipidemia and hypertension in 2008. There is no indication of any consistent decrease in aspirin usage over time related to individuals who newly enter the groups with a Ͼ10% 10-year Framingham risk score for a future coronary artery event. Table 3 shows the total number of patients with new or current disease taking aspirin. Figure 1 displays the percentage of the entire study cohort recorded as using aspirin across the various periods by diagnosis. From 2007 to 2011, aspirin usage reflected in the EHR increased for the entire cohort and for each individual diagnosis. Aspirin usage for secondary prevention is displayed in Figure  2 . Among those with a new diagnosis of CVD, aspirin usage has steadily increased over the 4-year period, indicating no negative effects from negative primary prevention studies during this time period. 
Results

Discussion
Despite evidence disputing the benefit of aspirin for primary prevention of CVD events, as well as changing guidelines, patients in the observed practices demonstrated increased aspirin use for primary prevention across all groups with CVD risk equivalents. The data do not indicate any effect on the use of aspirin for primary prevention as a result of new negative primary prevention trials and minor changes in ADA/AHA guidelines that were published between 2007 and 2010. After the time period evaluated in this project, Sheshasai et al 23 published a meta-analysis that includes all 9 randomized controlled trials of aspirin used for primary prevention of CVD, extending previous work through the addition of the latest 3 trials. The analysis included data on Ͼ100,000 people and Ͼ700,000 person-years. An approximate 10% decrease in nonfatal myocardial infarctions was seen, but there was no change in all-cause cardiovascular or cancer death rates. The nontrivial bleed rates exceeded the decrease in nonfatal myocardial in- farctions. The positive results related to nonfatal myocardial infarctions were heavily influenced by older studies, which were conducted before more aggressive treatment of hypertension and hyperlipidemia. The authors conclude that "routine use of aspirin for primary prevention is not warranted."
The data in this study indicate that there has been no decrease in the clearly appropriate use of aspirin in individuals with known CVD. It is reassuring that negative information related to aspirin in primary prevention does not seem to have adversely affected the prescription of aspirin for secondary prevention in these practices.
All practices involved in this study use clinical decision support software that reminds clinicians to consider aspirin in individuals with CVD. Until 2009 this system also prompted clinicians to consider aspirin in individuals with diabetes, chronic kidney disease (based on International Classification of Diseases, Ninth Revision, diagnoses or calculated creatinine clearance), or a calculated Framingham risk score Ͼ10%. The use of this software may have increased the recording of aspirin usage from 2007 to 2009 without any actual change in true underlying usage. From 2009 on these recommendations were turned off in some but not all 33 practices. 24 There are of course limitations to this analysis. Because aspirin is an over-the-counter medication, the use of EHR data to capture usage likely underestimates the percentage of the population actually using the medication. There is no reason to believe that the underestimated usage dramatically changed between study periods, in particular as it relates to newly diagnosed individuals. This dataset comes from 11 distinct clinical organizations across 6 states that are not related except through their participation in eNQUIRENet; thus it is unlikely that widespread, independent medication reconciliation activities fully account for the results. The results for individuals who newly entered the cohorts across time periods also reduce the likelihood that medication reconciliation efforts over time could account for the findings. Thus the observed changes are not likely to be entirely due to recording artifact. It is clear that many of the newly diagnosed patients placed on aspirin met criteria for primary prevention as outlined by the US Preventive Services Task Force 2 or ADA/AHA guidelines 16 -18 at the time. Thus the clinicians in these practices cannot be criticized for following published guidelines, and some were subject to pay-for-performance evaluations based on increasing the use of aspirin for primary prevention. The inclusion of aspirin as a quality metric is likely to have blunted any impact of the new data from controlled trials or the subtle changes in the ADA/AHA guidelines. In addition, during this time period data were emerging that indicated low-dose aspirin may be beneficial in reducing risk of colon cancer. This could have blunted the impact of repeated negative studies for primary prevention of cardiovascular events, although meta-analysis supporting the use of lowdose aspirin for colon cancer prevention appeared long after the time period in question. 25, 26 Furthermore, the meta-analysis by Shesasai et al 23 evaluated cancer mortality as well as CVD mortality and found no overall effect of aspirin use on cancer deaths. With regard to aspirin prescriptions in the EHR, it is impossible to know the validity of the data at the population level. In some cases, the timing of a patient's diagnosis and initiation of aspirin therapy may not be captured accurately. It is possible to imagine patients who are well known to a practice, having been previously diagnosed with diabetes and prescribed aspirin, but the aspirin data are entered later, only after a prompt from the EHR. Likewise, a patient who was placed on aspirin in 2007 may have been discouraged from aspirin use at a later visit but refused to stop taking it. In any case, it is not likely that the reliability of the data changed enough over time to actually mask a decrease in the use of aspirin for primary prevention. The analysis of new diagnoses per time period would argue against this scenario; it is unlikely that new usage would go up over time if clinicians were actively discouraging aspirin use for primary prevention, and medication reconciliation activities would not be a major factor in individuals just entering the high risk cohorts. As aspirin can be obtained without a prescription and is generally considered to be harmless, it is more likely that patients did not report use and that true aspirin consumption is actually higher. While this is good news for the population with known CVD, it is potentially concerning for the primary prevention populations.
A strength of this analysis is that it includes multiple primary care organizations across multiple states using varying EHRs; thus it is unlikely that any organization-specific activity, such as medication reconciliation improvements, could explain the findings. Furthermore, the data are drawn from all individuals Ͼ17 years old in these practices and therefore do not represent sampling activities and as such do not require further statistical analysis to represent true changes in this population.
Conclusions
Translating research into practice is difficult. Stopping previously recommended treatments might be particularly difficult because both clinicians and patients must change previously held beliefs. It is known that there is a time lag between the release of recommendations and widespread clinical application 27 ; thus it is possible that aspirin use for primary prevention may slow over the next several years. Cancer prevention may create further pressure to increase the use of low-dose aspirin, but it is important to evaluate all-cause mortality in primary prevention studies to determine overall benefit, not just cancer-specific outcomes.
In theory, using aspirin for primary prevention in high-risk individuals makes sense: coronary artery disease exists well before an index event or before it is serendipitously found. Shiffman et al 28 have proposed genetic testing to improve aspirin usage for primary prevention. Their model starts with the assumption that using aspirin for individuals with a Ն10% Framingham risk score for CVD is beneficial, a position not supported by the literature. Without new positive studies related to primary prevention it is difficult to understand ongoing support for aspirin usage in this context.
